Introduction
The literatures show that growing energy consumption is leading to a rapid increase in global greenhouse gases emissions(henceforth GHG). As the largest market failure ever experienced, diffusion of GHG in the global atmosphere happens quickly, it does not matter where the GHG is emitted (Sinn, 2007) . Evidently, by century's end, energy-related carbon dioxide emissions would, at current rates, more than double, putting the world onto a potentially catastrophic trajectory which could lead to warming of 5 or more compared with preindustrial times(IEA,2009). The co-evolution of energy, environment, economic and social development has resulted in synergistic development-a process of reinforcing development among energy, environment, economy and society and such synergism is now embedded in each other. Indeed, Energy system have underpinned and constructed deeply unequal social relations, as well as imbalanced nature-society relations, since the dawn of the fossil fuel era. More problematic, the causes and effects of energy consumption inequity have raised many questions for decision makers, one of them is that energy consumption has a distinct and critical social dimension. Relationship between the quality of life and energy consumption is perhaps even more complex than is the energy-economy nexus. Meanwhile, the UN Human Development Index(HDI) establishes the relationship among energy use, economic growth and social development. When energy use is associated with HDI , it is possible to find opportunities to put into practice the synergistic development of energy and society, by looking for new conditions to shift the focus of the economy to satisfying basic human needs. As a matter, it is innovative to introduce a sufficientarian 'development threshold' for the attribution to global energy consumption, by the use of the nationally based HDI indicator. Compared with developed countries (also called high HDI countries), developing countries(usually they have lower HDI) have different duties concerning energy consumption. Their responsibility to improve human quality of life will mean greater use of modern energy, especially when it is not now available. At the same time, lower HDI countries should use energy efficiency and conservation when it is cost effective to do so. High HDI countries should take a leadership role on reducing energy consumption, they should employ energy efficiency and conservation to the extent it is cost effective, help foster replicable models of the good quality life that are based on much lower energy consumption levels.
At a fundamental level and in the perspective of human development, the social dimension of energy consumption represent an equity problem involving three global stakeholder groups 1 : High human development levels economies(HHDE), those countries should be responsible for the majority of atmospheric GHG stocks, who will continue to represent a significiant share of future GHG flows based on their great current per capita energy consumption level, and have the greatest ability (technological ability ,financial resources a )to promote sustainable development, sometimes referred to as 'developed countries'; Medium human development levels economies(MHDE), most of those countries who will be responsible for the majority of growth in GHG flows and an increasing share of future atmospheric GHG stocks, who have rapid human development 1 Not that the UN divides the world's countries into four tiers according to their HDI performance: 1-38 (very high human development), 39-83 (high human development), 84-158 (medium human development), 159-182 (low human development) (UN,2009 [24] [25] [26] 2010 Melbourne, Australia progress and great growth of per capita energy consumption; Low human development levels economies(LHDE), many of those countries do not access to modern energy and have very low per capita energy consumption. In HHDE countries good economic performance translated into substantial public investment in health,education and environmental protection and into relatively high disposable incomes is a clear prerequisite of a high level of human development but there are no preordained or fixed levels of energy consumption to produce such effects. Irrational and ostentatious overconsumption will waste a great deal of energy without enhancing the level of human development. There is a growing recognition that a global solution to climate change is necessary to assure that atmospheric concentrations of GHG do not exceed dangerous levels, nations will need to limit their emissions based on equity rather than national interest alone to assure that global atmospheric goals are achieved. In fact, there is an important precedent for deemphasising economic development and stressing human basic needs (Moriarty & Honney, 2010) . From the perspective of human development, emphasizing the protection of basic living needs of the energy consumption sharply curb extravagant, wasteful energy consumption, is a necessary requirement for sustainable development. The purpose of this paper is, using standard tools in measurement of income inequality such as the Gini coefficient, the Theil index and the Lorenz curve measure the inequality of energy consumption across countries and among different HDI groups. In this paper we argue that human development progress and energy consumption growth will not fundamentally alter the energy use equity balance between HHDE and MHDE/LHDE countries in spite of decreasing the inequality of energy consumption over the time period studied. Climate change is, and will continue to be, a problem caused predominantly by high human development countries. It is responsible for HHDE countries to help foster replicable models of the high human development that are based on much lower energy consumption levels, to help foster sustainable development, and to reduce adverse impacts on MHDE/LHDE countries. For MHDE/LHDE countries to replicate the development path of HHDE countries with their heavy reliance on energy sources would amount to running into a dead-end street. Concerns to do with inequality of energy consumption must be incorporated and integrated into coherent transitory strategies for all countries.
To date inequility in energy consumption across countries has received very limited analytical attention. Yet, In the literature on climate change, there have been several attempts to use the tools of income distributive analysis to measure inequality in carbon dioxide emissions across countries and its development over time Groot, 2010) , and testify that standard tools in the measurement of income inequality, such as the Lorenz curve, the Gini-index and Pen's Parade, can be applied to the issues of inequality measurement of carbon dioxide emissions. In the last several decades, studies of income inequality have increased rapidly. Important papers include Dalton (1920) , Theil (1967 Theil ( ,1979 Theil ( ,1989 , Atkinson (1970) , Sen (1973) , Dasgupta et al. (1973) , Rothschild and Stiglitz (1973) , Kolm (1976a Kolm ( , 1976b , Blackorby and Donaldson (1978) , Foster (1985) , Foster and Shorrocks (1988) , Chakravarty (1990) , Lambert (1993) , Champernowne and Cowell (1998) , among many others. There are a large number of indices that might be employed to measure inequality and to make comparisons with alternative income distributions. In principle, all of them can be applied to the distribution of energy consumption, provided appropriate adjustments are made. In this paper, we select well-known measures like the Lorenz curve, the Theil index and the Gini coefficient and calculate the distribution of energy consumption across countries and among different human development levels groups.
The measurement of energy consumption inequality
A useful device to visualize HHDE MHDE/LHDE energy consumption inequality is the Lorenz curve, a cumulative frequency distribution used in economics to illustrate income distribution and other equity variables.
Conventionally, the Lorenz curve shows what percentage of the total income is held by the bottom x% of households, where households are ranked by level of income. Applying the Lorenz curve in the context of energy consumption suggests to replace households by countries, ranking by income replaced by ranking by energy consumption per capita across countries. Doing so results in a Lorenz curve that depicts on the vertical axis the cumulative share of world energy consumption pitched against the cumulative share of the world population on the horizontal axis. However, by ranking countries in a different way, it is also possible to construct a Lorenz curve where the horizontal axis measures cumulative world GDP shares instead of cumulative world population shares. It will be shown that the criterion to rank countries is fully determined by the variables used on the coordinate axes in a Lorenz diagram. Figure 1 provides an example of an energy consumption Lorenz curve for 2007. The 45-degree line represents the line of perfect equality, where national energy consumption is equalized globally on a per capita basis. The area between the perfect equity line and the actual distribution (Lorenz) curve is termed the Gini coefficient, with the formula expressed as:
Where P i is the population share of country i and E i is its energy consumption share(the shares of i in world population and in total world energy conusmption, Following Theil (1989) , Another measure of inequality is the natural logarithm of ratio of arithmetic mean income to geometric mean income.When this measure is applied to the per capita energy consumption among countries of different human development levels, it can be written as,
The advantage of formula (2) is its convenient additive decomposition, which may be explained as follows, Let
be groups so that each country is in exactly one group and represent groups of high, medium and low human development levels ,respectively. Let 
and
, where the summations are over g R i .Then the extension of formula (2) to three groups of different human development levels is,
which measures the inequailty among groups,while
measures the inequality among the countries of group g R . The additive decomposition is then,
Thus, total inequality among countries equals inequality among groups plus the average within-group inequality, the average being a weighted average with the population shares
as weights. Table 1 contains an overview of scores on some variables like total primary energy supply(TPES), GDP, per capita TPES, HDI for top-30 countries of per capita energy consumption.All data are for 2007 and obtained from the UND P dataset and the IEA dataset. HDI data includes three parts, longevity, education index from the UNDP, GDP and other data is from the IEA.Based on the HDI value, HHDE, MHDE and LHDE countries showed in Table 2 . 
Energy consumption inequality in the year 2007
There are many factors like energy resource endowments, national history, national economic and social development, impact on a country's energy consumption , as well as it is the result of the energy policy of a country, there is considerable inertia and rigidity. By ranking countries in a different way which is based on different equity criteria, it is possible to construct a different Lorenz curve , and will be shown that the criterion to rank countries is fully determined by the variables used on the coordinate axes in a Lorenz diagram. In this paper various equity criteria applied inculde: (1) Energy consumption-based sovereignty equity criterion, it is based on the rationale that all countries have equal right to use energy. Its fairness refers to the per capita energy consumption is absolutely the same, that everyone in the world have the right to absolute equality of the energy consumption; (2) Energy production-based sovereignty equity criterion, its fairness refers to all countries of the world's energy consumption, have an equal right, but its level of production-related; (3) Economic activity equity criterion, it uses energy intensity as a reference base; (4) Human development equity criterion, it uses HDI as its refernce base. According to the welfare theories, to achieve higher human development each individual should enjoy development rights, including social, economic, political, as well as the basic survival needs and the provision of non-material services for the enjoyment of demand for the natural resources. Therefore, the concept of human development is important because it is not only concerned with the current state of the human well-being but also with the realization of human potential. Each Under Energy consumption-based equity criterion, the Lorenz curve is sorted by per capita energy consumption, where cumulative world energy consumption shares (%) on the vertical and cumulative world population shares (%) on the horizontal axis. Under Energy production-based equity criterion, the Lorenz curve is sorted by per capita energy production, where cumulative world energy consumption shares (%) on the vertical and cumulative world population shares (%) on the horizontal axis. Figure 3 Under Economic activity equity criterion, the Lorenz curve is sorted by energy intensity, where cumulative world energy consumption shares (%) on the vertical and cumulative world GDP shares (%) on the horizontal axis. Figure 4 From the aboved analysis, we can note that inequality as measured by the divergence of Lorenz curve from the diagonal by the Gini coefficient is different based on different equity criterion, especially the Gini coefficient is much lower when energy consumption shares are pitched against world GDP shares rather than world population shares, it also shows that per capita energy consumption is proportional to GDP per capita. It is also compatible with a policy aiming at convergency of energy intensities in the long term. Howerver, the world's energy consumption or carbon emisssions inequality is actually an economicsocial issues, sharing the carbon space in a fair way requires "convergency" of currently widely unequal per capita emissions or energy consumption (Opschoor, 2009 ). Reductions in both energy consumption and carbon emisssions are becoming more prominent in order to prevent dangerous anthropogenic interference with the climate system, the growing consumption of energy and unstable energy prices have created an environment where it is possible to discuss energy consumption, all countries have responsibility to reduce energy consumption. Economic growth, as well other socio-economic drivers such as urbanisation and population increases is unbalanced globally, mean that the contributions of developed and developing countries to climate change are changing. The main objective of human development, as stated in the Human Development Report of the United Nations Development Programme(UNDP), is to create an enabling environment for people to enjoy long, healthy, and creative lives. Undoubtly the framework of human development based on HDI indicator constructs a fair method of stressing basic needs. Accordingly, it is neccesary to measure inequality of energy consumption based on the HDI criterion.
The Lorenz curve as shown in Figure 5 countries account for 48.5 percent of the world, their GDP account for 52.3% of the world , and they harbor 17.8 percent of the world; For MHDE countries, they use 48.1 percent of the world energy and harbor 67.3 percent of the world, their GDP account for 43.1% of the world; LHDE countries harbor 14.9 percent of the world and only use 3.4 percent of the world energy. Table 3 contains the inequality measures of energy consuption in eqs. (2) to (5) for three groups in 2007.Column 1 cantains J defined in eq. (2), it shows the international inequality of energy consumption is 0.45. Column 2 and 3 contain the inequality among groups J R and the average inequality within groups J .The inequality among groups exceeds the inequality within groups,and this is illustrated by column 4,which shows that J R is almost 60 percent of J in 2007.The last three columns of Table 3 contain the inequalities among groups of energy consumption J R for three different human development levels groups in 2007, their behavior is different, the inequality of MHDE exceeds that in other two groups, both of inequalities of HHDE and LHDE is very close.
Changes in energy consumption inequality from 1998 to 2007
As we did before, we use the Lorenz curve to estimate the inequality of energy consumption from 1998 to 2007(see Table 4 ). The Lorenz curve in 1998 for 129 countries sorted by different equity criterion as shown in Figure 6 . Table 4 shows the substantial decline in the inequality of energy consumption for all equity criterions from 1998 to 2007, but the Gini coefficient is different, the inequality which is measured by economic activity equity criterion is the lowest, it is the second lowest by energy production-based equity criterion, it is the highest by energy consumption-based equity criterion, and it is the second highest by HDI equity criterion. Annual per capita energy consumption is likely to gradually become more equally distributed over time. As noted previously, it is the most relevant to measure inequality of energy consumption based on the HDI criterion, it means that energy consumption has a distinct and crititcal social dimension, all countries have social responsibilties concerning energy consumption. Emphasizing the importance of reducing energy consumption indicates that energy-drive human development exists a sufficientarian 'development threhold' element.It is possible for HHDE to foster replicable models of the good life that are based on much lower energy consumption levels through employing energy efficiency and conservation, also for MHDE and LHDE, their responsibility to improve human development will greater use of energy, and they should use energy efficiency and conservation when it is cost effective to do so.It is therefore appropriate and even necessary for all nations, improving human quality of life and well being by deemphasising economic development and stressing basic needs. There is different for different groups in the inequality of energy consumption. All countries use the world energy by 'shrink and share' approach, will play a substantial role in the success of adressing cliamte change, reducing regional and national disparities of energy consumption will become an important objective of the international climate agreement.
Furthermore, according to the Theil's approach of measuring inequality (as shown previously), we estimate the inequality of energy consumption for three groups from 1998 to 2007 (see Table 5 and Figure 7) . The international inequality is close to the Gini coefficient measured by HDI equity criterion, and shows the decline trend over time. The inequality among groups exceeds the average inequality within-group, in each year the former is over 60 percent of the latter, and the inequality among groups declines over time. Let us guess that a major cause of the change of the inequality in HHDE is the United States. So we divide the HHDE into subgroups: the United States (a single-country subgroup) and the HHDE excluding the USA. Then we go back to eq.(5), reproduced here: J J J R , but we interpret J now as the inequality in the HHDE, R J as the inequality among subgroups, and J as the average inequality within the two subgroups. The results are shown in Table 6 and Figure 8 . The inequality in the HHDE keeps going up, and the inequality among subgroups has been stable at about 0.05 over time. The change of the increase of the inequality in the HHDE is accounted for by the behavior of the average inequality within the subgroups. Note that the inequality within a single-country subgroups is always zero. In the present case of the HHDE, the average inequality within its two subgroups is equal to the inequality within the non-USA HHDE multiplied by the population share of this subgroup within the HHDE. Being the largest energy consumption nation, USA's behavior is consistent in other countries in the HHDE.
The case of the MHDE is pursued in Table 7 and Figure 9 . The two subgroups are China and the MHDE countries excluding China. The inequality among subgroups has been significantly less than the average inequality within subgroups and declines over time, especially it arrived the lowest point in 2004 when the India joined in the MHDE from the LHDE. The average inequality within subgroups dominates the inequality in the MHDE. Being the largest energy consumption country in the MHDE , China's behavior obviously impacts on the evolution of inequality in the MHDE.
Conculsion
If conventional wisdom on the relationship between energy demand and human development is to prevail in the near term, convergence of human development among different human development groups will require significant growth in per capita energy consumption in the MHDE/LHDE countries. The responsibility to reduce energy consumption is different .A critical issue faced by policy makers across the world is how to distribute the costs and benefits of policies designed to address such problems, fairness considerations are relevant to both descriptive and prescriptive analysis in this field. This paper argues that energy consumption has a distinct and critical social dimension. Based on the UN Human development Index, it represents the equality problem involving the different HDI groups. The results include: In principle, all of the income inequality approaches can also be applied to the distribution of per capita energy consumption, provided appropriate adjustments are made. We have chosen to apply the Lorenz curve, Gini coefficient and Theil's index to analyze the inequality of per capita energy consumption across countries under different equality criteria. Being a very powerful approach of inequality measure, the advantage of the Theil's index is its convenient additive decomposition, it could assist us to explain the cause of the inequality evolution of energy consumption in different groups.
In this paper, we consider world energy consumption inequality from 1998 to 2007 and analyze the diversification in a regional context. Based on different equity criterion, the inequality as measured by the divergence of Lorenz curve from the diagonal by the Gini coefficient is different. The international inequality of per capita energy consumption is close to the Gini coefficient measured by HDI equity criterion, and shows a decline from 1998 to 2007. In three groups: HHDE,MHDE and LHDE, their behaviors are different in the inequality of energy consumption. Further, the results show that the United States' behavior is consistent in other nations in the HHDE countries, China's behavior impacts on the evolution of inequality in the MHDE, possibly it means that China will take a leadership role of energy saving in the MHDE. 
